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FAR-INFRARED EMISSION FROM DUST IN NORMAL GALAXIES 
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ABSTRACT 

We review the morphological and spectral energy dis- 
tribution characteristics of the dust continuum emission 
(emitted in the 40-200 /im spectral range) from normal 
galaxies, as revealed by detailed ISOPHOT mapping ob- 
servations of nearby spirals and by ISOPHOT observa- 
tions of the integrated emissions from representative sta- 
tistical samples in the local universe. 
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1. INTRODUCTION 

The sensitivity of ISO and its spectral grasp extending 
to 200 /im made it the first observatory capable of rou- 
tinely measuring the infrared emission corresponding to 
the bulk of starlight absorbed by interstellar dust in "nor- 
mal"]^ galaxies. Here we review ISO's view of the mor- 
phological and spectral energy distribution (SED) charac- 
teristics of the dust continuum emission (emitted in the 
40-200 /im spectral range) from normal galaxies, and its 
interpretation. In this review we only discuss the results 
from the ISOPHOT instrument (Lemke et al. 1996) on 
board ISO. For the spectral observations of these systems 
we refer to the review at this meeting by Helou. 

Although technically more demanding than observa- 
tions in the Mid-Infrared (MIR) regime, only observations 
in the Far-Infrared (FIR) directly probe the role played 
by dust in the energy budget of star-forming galaxies. All 
star-forming galaxies are at least in part optically thick 
in the ultraviolet (UV)-optical regime, and the absorbed 
energy is predominantly re-radiated in the FIR. But the 
real investigative power of FIR astronomy lies in the fact 
that even for optically thin components of the interstellar 
medium, the large grains which dominate the FIR emis- 
sion are in (or near to) equilibrium with the ambient inter- 
stellar radiation field (ISRF). Therefore, the grains act as 
test particles with FIR colours characteristic of the inten- 
sity and colour of the ISRF. This is illustrated in Fig. 1, 
which shows the predicted variation of infrared colours 
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^ We use the term "normal" to denote star-forming systems 
not undergoing a starburst, and not dominated by AGN activ- 
ity. 



Figure 1. Predicted colour ratios for standard filter combi- 
nations 170/100 (solid line); 100/60 fim (dotted line); 
60/25 (dashed line) and 25/12 fim (dot-dashed line) as 
a function of the strength of the local ISRF x, where X = 1 
near the sun. The calculations were made for spherical 
grains of astrophysical silicate, with the optical properties 
given by Laor & Draine (1993). A grain size distribution 
n{a) da oc a"'^'^ was assumed, where a is the grain radius 
(D.OOl < a < 0.25 fim). The colour of the radiation field 
illuminating the grains is fixed to that determined for the 
solar neighbourhood by Mezger, Mathis & Panagia (1982). 



with radiation field intensities, for standard filter combi- 
nations of the ISOPHOT and ISOCAM instruments (on 
board ISO), and of the IRAS survey. 

In particular, a filter set covering the range 60 to 170 /im 
probes intensities in the ISRF ranging from those expected 
for HII regions to those expected in the outskirts of disks 
of normal galaxies. By contrast, the MIR colour ratios 
are almost independent of the intensity of the ISRF, since 
they are determined by the relative abundance of small, 
impulsively heated grains. 

2. ISOPHOT MAPPING OBSERVATIONS 
OF NEARBY SPIRALS 

ISO represented a big improvement compared with IRAS 
in angular resolution, spectral grasp and sensitivity. Thus, 
in terms of imaging, the ISOPHOT instrument was able 
to make a better distinction between diffuse and discrete 
sources and their colours. Another point was the exten- 
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sion in wavelength coverage to 200 /im. In fact observa- 
tions of nearby galaxies displayed a wide range of FIR 
colours between various morphological components, im- 
plying UV/optical/ near- infrared (NIR) interstellar radi- 
ation fields with a wide range of intensities and/or colours: 

— Star formation regions: HII regions (40 < Td < 
60 K) and Parent Clouds (15 < Td <20K) 

— Nuclear emission (Td ^ 30 K) 

— Diffuse Emission: spiral arms and disk (12 < Td < 
20 K) 

These features appear to be general to nearby spirals 
mapped by ISOPHOT. They are perhaps best illustrated 
by the ISOPHOT map of M 31 (Haas et al. 1998), re- 
produced in Fig. 2. A ring of lOkpc radius and a dif- 
fuse disk component are clearly seen on this image at 
170 ^m. The diffuse emission can be traced out to a ra- 
dius of 22 kpc, so the galaxy has a similar overall size in 
the FIR as seen in the optical bands. In addition, there is 
a faint nuclear source, which is seen more prominently in 
HIRES IRAS 60 /Ltm maps at similar resolution and in Hq, . 
The overall SED, which is also constrained by a 240 /im 
COBE/DIRBE point, can be well described as a a super- 
position of two modified (m=2) Planck curves, with 16 
and 45 K. The cold dust component at 16 K arises from 
both the ring structure (30%) and the diffuse disk (70%), 
illustrating the importance of the diffuse emission at least 
for this example. The 45 K component matches up well 
with HII region complexes in the ring structure. Associ- 
ated with each HII region complex are also compact, cold 
emission sources (see Fig. 3 of Schmidtobreick, Haas & 
Lemke 2000) with dust temperatures in the 15 to 20 K 
range. These could well represent the parent molecular 
clouds in the star formation complexes which gave rise 
to the HII regions. Detailed examination of the morphol- 
ogy of the ring shows a smooth component of cold dust 
emission as well as the discrete cold dust sources. 

There are also beautiful datasets on normal galaxies 
which are more active in star formation than M 31, no- 
tably the Small Magellanic Cloud (type Sm), which was 
described by Bot et al. (2002) and by Wilke et al. (2002), 
and M 33 (type Scd; Hippelein et al. 2002). These galaxies 
also show a prominent diffuse cold dust component, upon 
which a warm dust component associated with HII region 
complexes is superimposed. The statistics of the HII re- 
gion complexes are superior to those in M 31, and, in the 
case of M 33, the HII region complexes exhibit a trend 
for the 60:100 /im colour temperature to become colder 
with increasing galactocentric distance, as observed in our 
galaxy. 

Preliminary results from ISOPHOT maps of nearby 
spiral galaxies were obtained by Tuffs et al. (1996) for 
NGC 6946, by Hippelein et al. (1996a,b) for M 51 and 
M 101 and for a sample of nearby galaxies by Alton et 
al. (1998b) and Davies et al. (1999). Claims by the latter 
two references that the FIR disks are more extended than 
the optical disks are not supported by the higher linear 




Figure 2. ISOPHOT 170 fim map of M 31 (Haas et al. 
1998), with an angular resolution of 1.3 arcmin. North is 
towards the top, and East is towards the left. The field size 
is 2.9 X 2.9 degrees. 

resolution maps of M 31 and M 33 nor by the deep map 
of NGC 891 (Popescu et al. 2001). However, the maps 
presented by Alton et al. (1998b) and Davies et al. (1999) 
were not corrected for transient effects of the detector, 
and therefore both the calibration and the derived scale 
lengths are uncertain. 

In general there is a wealth of imaging data in the 
ISO archive still to be exploited, particularly from obser- 
vations using the dedicated mapping "P32" astronomical 
observation template. Excellent photometric images are 
now becoming available for this mode, reduced using new 
software techniques (see for example the map of M 101 in 
Tuffs & Gabriel 2002a,b). 

3. INTERPRETATION OF FIR EMISSION 
FROM NEARBY SPIRALS 

The ISOPHOT imaging studies have directly demonstrated 
that spiral galaxies are inhomogeneous. Variations in FIR 
colours between the observed structures indicate ISRFs 
which vary by orders of magnitude in intensity. In general, 
this can be attributed to an inhomogeneous distribution 
of both emitters and absorbers. Large variations in the 
colour of the ambient UV-optical radiation field are also 
expected, especially if structures are optically thick to all 
or part of the stellar light. Since the absorption proba- 
bility of stellar photons by grains is a strong function of 
wavelength, this will also give rise to strong variations in 
the intensity and colour of the FIR emission. A quantita- 
tive interpretation of the FIR emission therefore requires 
realistic models for the propagation of stellar photons in 
galaxian disks, to calculate both the colour and intensity 
of radiation fields illuminating grains. 
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Figures, a) The predicted SED of NGC 891 from Popescu & Tuffs (2002a), for a model with SFR = S.SMg/yr, 
F = 0.22 and Mdust = 7 x 10^ LH panel: the intrinsic emitted stellar radiation (as would have been observed in 
the absence of dust). RH panel: the re-radiated dust emission, with diffuse and HII components plotted as dashed and 
dotted lines, respectively. The data (integrated over ±225" in longitude), are from Alton et. al 1998a (at 60, 100, 450 
& 850 urn), Guelin et al. 1993 (at 1300 /^m; and from Popescu & Tuffs (2002a) (at 170 & 200 urn), b) The fractional 
contribution of the three stellar components to the FIR emission, calculated for the case of NGC 891. 



George Helou described the semi-empirical model of 
Dale & Helou (2002), which assumes a power law dis- 
tribution of dust masses over UV-optical radiation en- 
ergy densities (all of a common intrinsic colour). This 
model can reproduce observed trends in the MIR-FIR- 
submm colours of statistical samples, and has also been 
used to extract bolometric IR emission and dust masses 
from the ISO data. However, a quantitative interpreta- 
tion of dust emission in terms of star formation rates 
and star formation histories requires a combined analysis 
of the UV-optical/FIR-submm SEDs, embracing a self- 
consistent model for the propagation of the photons. 

There are several such models in use which incorporate 
various geometries for the stellar populations and dust. 
We will concentrate here on the model of Popescu et al. 
(2000a), since this is the only model where the geometry of 
the dust and stellar populations is directly constrained by 
the optical images. It is furthermore the only model which 
has been used to make direct predictions for the spatial 
distribution of the FIR emission for comparison with the 
ISO images. Full details of the model are given by Popescu 
et al. (2000a), Misiriotis et al. (2001) and Popescu & Tuffs 
(2002a). In brief, the model includes solving the radiative- 
transfer problem for a realistic distribution of absorbers 
and emitters, considering realistic models for dust, tak- 
ing into account the grain-size distribution and stochastic 
heating of small grains and the contribution of HII re- 
gions. The FIR-submm SED is fully determined by just 
three parameters: the star-formation rate SFR, the dust 
mass Mdust associated with the young stellar population, 



and a factor F, defined as the fraction of non-ionising UV 
photons which are locally absorbed in HII regions around 
the massive stars. 

Here we illustrate this model with the example of the 
edge-on galaxy NGC 891. The model can however be ap- 
plied to galaxies of any inclination. The best fit obtained 
for the FIR-submm SED of NGC 891 is shown in the right 
hand panel of Fig. 3a. 

If La is the intrinsic UV luminosity corresponding to 
unity SFR, the relation between the FIR luminosity ipji^ 
and SFR can be described by: 

7- tot _ rHII I rUV I ropt 
-'^FIR — ^FIR "T -'^FIR "T ^FIR 

L^t^ = SFR xLqxF + SFR x Lq x {1 - F) x Guv + 

+-^FIR 

where Guv, which also depends on Mdust, is the probability 
that a non-ionising UV photon released into the diffuse 
dust will be absorbed there. 

It can be seen that a natural outcome of this modelling 
technique is the prediction of a diffuse cold component of 
dust emission powered by a combination of non-ionising 
UV and optical-NIR photons, and a warm component of 
dust emission corresponding to the ensemble of discrete 
HII regions. This corresponds to what we have seen in the 
ISOPHOT maps of nearby galaxies. 

The model also predicts the relative contributions of 
the young and old stellar populations to the dust emission 
as a function of FIR wavelength (Fig. 3b). An increase in 
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Figure J^. a) Contour plot of the observed brightness distribution of NGC 891 at 170 jim (Popescu & Tuffs 2002a). The 
contours are plotted from 10.7 to 230.0 MJy/sr in steps of 12.2MJy/sr. The grid indicates the actual measured sky 
positions sampled at 31 x 46" in the spacecraft coordinates Y and Z. b) Contour plot of the simulated diffuse brightness 
distribution of NGC 891 at 170 ^m. The contours are plotted from 10.4 to 239.7 MJy/sr in steps of 10. 4 MJy/sr. c) 
Contour plot of the observed minus simulated diffuse brightness distribution of NGC 891 at 170 ^m. The contours are 
plotted from 2.2 to 46.1 MJy/sr in steps of 3.1 MJy/sr. The unresolved source from the Northern side of the galaxy 
and the faint extended source from the Southern side account for 8% of the integrated flux density, in agreement with 
the model prediction for FIR localised sources at this wavelength. 



the relative importance of UV heating in the diffuse dust 
emission component towards longer wavelengths is appar- 
ent. This arises because the coldest grains are those which 
are in weaker radiation fields, either in the outer optically 
thin regions of the disk or because they arc shielded from 
radiation by optical depth effects. In the first situation 
the absorption probabilities of photons are controlled by 
the optical properties of the grains, so the UV photons 
will dominate the heating. The second situation arises for 
dust associated with the young stellar population, where 
the UV cmissivity far exceeds the optical emissivity. 

This analysis, together with the observational evidence 
from the maps produced by ISOPHOT, throws new light 
on the physical interpretation of the 60:100 fim ratio, which 
is commonly used as a gauge of star formation activity 
(Helou & Lonsdale 1987). This ratio has to be understood 
in terms of the inhomogeneous nature of disks in the FIR. 
Thus, the emission at 60 /im mainly traces locally heated 
warm grains in and around HII regions, whereas the emis- 
sion at 100 /xm mainly traces the emission from the dif- 
fuse dust, powered by optical photons as well as by (non- 
ionising) UV photons. 

A particularly stringent test of the model is to compare 
its predictions for the morphology of the diffuse dust emis- 
sion component near the peak in the FIR SED with spa- 
tially resolved maps. This comparison is shown in Fig. 4a,b, 
again for the case of NGC 891. A remarkable agreement 
between the maps is apparent. The residual map between 
the observed and the simulated maps of the diffuse compo- 
nent (Fig. 4c) reveals a compact source on the Northern 
side of the galaxy (and a faint extended source seen in 
the Southern side), with integrated fluxes in agreement 



with the model predictions for localised sources. The ex- 
cess emission in the northern side may be a giant molecu- 
lar cloud complex associated with one of the spiral arms. 
The remaining diffuse emission is at a level of 1% of the 
peak brightness and is probably attributable to residual 
detector artifacts. 



4. ISOPHOT OBSERVATIONS 
OF STATISTICAL SAMPLES 

A total of 31 hours of the ISO mission was dedicated to 
ISOPHOT pointed observations of statistical samples of 
local universe galaxies. All these projects were comple- 
mentary in terms of selection and observational goals. In 
descending order of depth, the published surveys are: the 
ISOPHOT Virgo Cluster Deep Survey (63 galaxies), the 
Coma/A1367 Survey (18 galaxies) and the ISO Bright Spi- 
ral Galaxies Survey (77 galaxies). In addition, 115 galaxies 
have been catalogued from the Serendipity Survey. Fur- 
thermore, the statistical sample of 60 bright galaxies stud- 
ied spectroscopically by LWS by Malhotra et al. (2001) 
was also observed by ISOPHOT at 170 /zm with short 
stares, but the photometry is not yet published. 

The ISOPHOT Virgo Cluster Deep Survey (Tuffs 
et al. 2002; Popescu et al. 2002) represents the deepest 
survey (both in luminosity and surface brightness terms) 
of normal galaxies yet measured in the FIR. A complete 
volume- and luminosity sample of 63 gas-rich Virgo Clus- 
ter galaxies selected from the Virgo Cluster Catalog 
(Binggeli, Sandage & Tammann 1985; see also Binggeli, 
Popescu & Tammann 1993) with Hubble types later than 
SO and brighter than Bt < 16.8 were measured with 
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ISOPHOT at 60, 100 and 170 /xm. Deep oversampled P32 
strip maps covered the entire optical extent of each tar- 
get (down to the 25.5 mag arcsec"^ B-band isophote) as 
well as adjacent background directions. The faintest de- 
tected emissions from the survey are 50, 40 and 80 mJy at 
60, 100 and 170 fim, respectively. The total on target time 
(ISOPHOT) for the survey was 20 hours. The sample was 
also mapped by ISOCAM (Boselli et al. 1997) and was (in 
part) observed by LWS (Leech et al. 1999). 

The ISOPHOT Virgo Cluster Deep Survey is provid- 
ing the basis for statistical investigations of the FIR spec- 
tral energy distributions of gas rich galaxies in the local 
universe spanning a broad range in star-formation activ- 
ity and morphological types, including dwarf systems and 
galaxies with rather quiescent star formation activity. 

The Coma/A1367 Survey (Contursi et al. 2000) 

consists of 6 spiral and 12 irregular galaxies having IRAS 
detections at 60 /xm. The galaxies were selected to be lo- 
cated within 2 or 1 degrees of the X-ray centres of Coma 
and A1367 clusters, respectively, with emphasis on pecu- 
liar optical morphologies. Each galaxy was observed in 
a single pointing, by chopping between the galaxy and 
a background direction. The data were taken at 60, 80, 
100, 120, 170 and 200 /xm (but only reduced for 120, 170 
and 200 /um) for a total on target time (ISOPHOT) of 
2 hr. The sample, also observed with ISOCAM, provided 
a database of integrated flux densities for a pure cluster 
sample of high luminosity spiral and irregular galaxies. 

The ISO Bright Spiral Galaxies Survey (Bendo et 

al. 2002a) consists of 77 spiral and SO galaxies chosen from 
the Revised Shapley-Ames Catalog (RSA), with Bt < 
12.0. Almost all are IRAS sources. Mainly an ISOCAM 
survey, the project also used 7hr of on target ISOPHOT 
time to take 60, 100 and 170 /xm short stares towards the 
nucleus of the galaxies and towards background fields. The 
sample provides a database of FIR surface brightnesses of 
the central regions of bright spiral galaxies, including SOs. 

The ISO Bright Spiral Galaxies Survey and the ISO- 
PHOT Virgo Cluster Deep Survey represent the principle 
investigations of optical selected samples of normal galax- 
ies. It should be emphasised that the main difference be- 
tween them is primarily one of shallow versus deep, rather 
than field versus cluster, since by design the Virgo Sample 
predominantly consists of infalling galaxies from the field, 
and no cluster specific effects could be found. 

The Serendipity Survey (Stickel et al. 2000) has 
so far catalogued 115 galaxies with Si, > 2 Jy at 170 /zm 
and with morphological types predominantly SO/a-Scd. 
This sample provides a database of integrated 170 /xm flux 
densities for relatively high luminosity spiral galaxies, all 
detected by IRAS at 60 & 100 /xm. A more detailed de- 
scription of this survey was given in the presentation of 
Stickel. 



5. INTERPRETATION OF FIR EMISSION 
FROM STATISTICAL SAMPLES 

The emerging result of all ISOPHOT statistical studies 

was that the SEDs of normal galaxies in the 40 — 200 /xm 
spectral range require both warm and cold dust emission 
components to be fitted. First indications of this result 
were given by the multi-filter ISOPHOT photometry ob- 
tained for 8 inactive spiral galaxies (Kriigel et al. 1998; 
Siebenmorgen, Kriigel & Chini 1999). Stickel et al. (2000) 
and Contursi et al. (2001) found a cold dust component for 
most of the galaxies in their samples (The Serendipity and 
the Coma/A1367 samples, respectively), for which upper 
limits for the cold dust temperatures were inferred. The 
cold dust component is most prominent in the most "qui- 
escent" galaxies, like those contained in the ISOPHOT 
Virgo Cluster Deep sample, where the cold dust tempera- 
tures were found to be broadly distributed, with a median 
of 18 K (Popescu et al. 2002), some 8 - lOK lower than 
would have been predicted by IRAS. The corresponding 
dust masses were correspondingly found to be increased 
by factors of typically 2-10 (Stickel et al. 2000) for the 
Serendipity Sample and by factors 6 — 13 (Popescu et 
al. 2002) for the Virgo Sample, with respect with previ- 
ous IRAS determinations. As a consequence, the derived 
gas-to-dust ratios are miich closer to the canonical value 
of- 160 for the Milky Way (Stickel et al. 2000, Contursi et 
al. 2001), but with a broad distribution of values (Popescu 
et al. 2002). The FIR properties of the analysed galaxies 
do not seem to be affected by the environment (Contursi 
et al. 2001). 

Of particular interest arc the results concerning the 
trends with Hubble type found by Popescu et al. (2002) 
for the ISOPHOT Virgo Cluster Deep sample. A tendency 
was found for the temperatures of the cold dust com- 
ponent to become colder, and for the cold dust surface 
densities (normalised to optical area) to increase with in- 
creasing lateness in the Hubble type (Figs. 5a, b). A par- 
ticularly surprising result was the low dust temperatures 
(ranging down to less than 10 K) and large dust masses 
associated with the Virgo Im and Blue Compact Dwarf 
(BCD) galaxies. Another important trend is the increase 
of the normalised (to K' band magnitude) FIR luminosity 
as we progress from the early to the later Hubble types 
(Fig. 5c). This result was later confirmed by Bendo et al. 
(2002b) for the RSA sample. A related result was also ob- 
tained by Picrini et al. (1999) for the LWS data on Virgo 
galaxies, where a strong correlation of normalised [CII] 
emission with Ha equivalent widths was interpreted as a 
trend of increasing star-formation rate along the Hubble 
sequence. 

Finally, Popescu & Tuffs (2002b) also found an in- 
crease of the ratio of the; dust emission to the total stel- 
lar emitted output along the Hubble sequence. This cor- 
relation is quite strong, ranging from typical values of 

15% for early spirals to up to ~ 50% for some late 
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Figures. Trends with Hubble type for the ISOPHOT Virgo Cluster Deep sample (Popescu et al. 2002). The distribution 
of a) cold dust temperatures T^°^'^ ; b) cold dust mass surface densities M^^'^/D'^; c) normalised FIR luminosity (to 
the K' band magnitude) for different Hubble types. The hatched histograms represent the distributions for the galaxies 
with SEDs fitted by only one dust component. The filled histograms represent the distributions for the galaxies with 
detections only at 100 and 170 fim. 



spirals (Popescu & Tuffs 2002b). This, together with the 
trend for a decrease in the temperature of the cold dust, 
would suggest a trend of increasing opacities with increas- 
ing star-formation activity. The extreme BCDs can have 
even higher percentages of their bolometric output re- 
radiated in the thermal infrared. This correlation can be 
also interpreted as a sequence from normal to dwarf gas 
rich galaxies, with the dwarfs having an increased contri- 
bution of the FIR output to the total bolometric output. 
These findings could be important for our perception of 
the distant Universe, where, according to the hierarchical 
galaxy formation scenarios, gas rich dwarf galaxies should 
prevail. We would then expect these galaxies to make a 
higher contribution to the total FIR output in the early 
Universe than previously expected. 



6. DUST OUTSIDE GALAXIES 

In some systems dominated by cold dnst emission there 
is evidence that the cold dust emission is external to any 
optically emitting region and/or that dust is supplied from 
an external dust reservoir. 

Thus, the unexpected result that large amounts of cold 
dust exist in some Virgo BCDs (Popescu et al. 2002) was 
interpreted as being indicative of dnst surrounding the op- 
tical galaxy, originating in an external dust reservoir. In 
fact, in two cases direct evidence was found of resolved 
emission at 170 micron on scales of up to 10 kpc. The 
BCD galaxies were found to have the highest dust mass 
surface densities (normalised to optical area) and the cold- 
est dust temperatures of the galaxies in the sample. This 
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is a particularly unexpected result, since the IRAS obser- 
vations of BCDs could be accounted for in terms of dust 
heated locally in HII regions, with temperatures of 30 K 
or more. To qualitatively account for the FIR and optical 
extinction characteristics of BCDs, Popescu ct al. (2002) 
proposed two scenarios invoking coUisionally or photon- 
heated emission from grains originating in the surrounding 
intergalactic medium. In the one scenario, grains are swept 
up from a surrounding protogalactic cloud and heated col- 
lisionally in an optically thin wind bubble blown from the 
BCD. In the other, the grains are taken to be photon- 
heated in an optically thick disk surrounding the opti- 
cal galaxy. The disk is indicative of a massive gas/dust 
accreting phase which makes dwarf galaxies sporadically 
bright optical-UV sources when viewed out of the equato- 
rial plane of the disk. In both scenarios the dust does not 
have a galactic origin, but needs to exist in the immediate 
vicinity of the galaxies, where it can either be heated by 
winds or can accrete into the dwarfs. 

Dust outside galaxies has also been discovered in a 
deep ISOPHOT survey of a field centred on the giant el- 
liptical galaxy M86 in the Virgo cluster by Stickel et al. 
(2002b). One of the sources of FIR emission seen in the 
periphery of the field is extremely cold and has no obvi- 
ous optical counterpart. It could trace a dust-rich "relic" 
of the interstellar media of two spiral galaxies removed in 
an interaction as postulated by Volk & Xu (1994). Such 
objects could themselves undergo localised episodes of star 
formation and could conceivably account for the large dust 
masses associated with the Virgo BCDs. 

Moving more in the direction of the intragroup medium, 
the classical example is Stephan's Quintet (SQ), mapped 
by ISOPHOT using its oversampling mapping mode P32. 
The 60 iJ.m map (Sulentic et al. 2001) and the 100 /xm map 
(Xu & Tuffs 2002) show the probable detection of FIR dif- 
fuse emission from the intragroup medium. In particular 
the 100 /xm map shows clear evidence for extended FIR 
emission in the periphery of SQ, its morphology having a 
striking resemblance to the morphology of the diffuse syn- 
crotron radio emission. Since the diffuse radio emission 
very probably traces a large scale shock in the intragroup 
medium, the diffuse FIR emission is likely to be also as- 
sociated with the passage of the shock front. Such an as- 
sociation was predicted by Popescu et al. (2000b) for the 
case of large-scale accretion shocks in clusters. 
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